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1. INTRODUCTION 


This document constlCutss the Flnel Report of s preliminary analysis of a 
Flexible Instrument Mount (FIM) for large instruments on the Space Shuttle. 

The analysis was carried out by the Space Division of the General Electric 
Company under Contract No. NAS 5-23412 for the NASA/GSFC. The overall 
objective of the study was to identify and define promising concepts for 
pointing instruments while in orbit, with weights up to 2000 Kg and dimen- 
sions of 2-3 meters. 

With the advent of the Space Shuttle and Spacelab, a large number of science 
and technology payloads and experiments will be flown in near earth orbit 
on a regular basis between’ 1980 and 1990. Many planned and conceivable 
instruments will require some type of pointing, e.g. astronomy, astrophysics, 
solar physics, AMPS-type and earth viewing instrument classes. Pointing 
requirements will range from high accuracy arc second pointing or better to 
coarse pointing of the accuracy provided by the Shuttle Orbiter. Several 
highly accurate fine pointing systems are either under development or are 
considered for development e.g. the European IPS, and NASA's SIPS and ASPS. 

Instruments satisfied with the Orbiter pointing capability can be hard 
mounted into the Orbiter cargo bay or onto a Spacelab pallet. However, sig- 
nificant mission flexibility would be gained if i’-istruments requiring Orbiter 
pointing could be mounted on a glmballed mount which would allow offset pointing 
with Orbiter accuracy. For instance, it has to be expected that on many 
planned Spacelab missions more than one iiiStrument could fly requiring Orbiter 
pointing. 
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If ont such instrument would be mounted on s gimbelled platform, two instruments 
could be operated simultaneously looking at different targets/areas with 
Orbitcr pointing accuracy. This, of course, would significantly increase 
on-orbit timelining flexibility, increase scientific return and contribute to 
improve cost effectiveness of Shuttle payloads and operations. The flexible 
instrument mount described in this report fulfills the requirements for off-set* 
pointing of large instruments to be flown on Spacelab missions. 

After careful evaluation of several options available to meet the requirements 
of this flexible instrxunent mount, a mechanical concept was selected that can 
accommodate a set class of scientific instruments such as the LAMAR X-ray 
experiment with 24 LAMAR telescopes. The payload size was constrained by a 
desire to keep the FIM within the bounds of one Spacelab pallet and within the 
Orbiter payload envelope to preclude Jettisoning the payload in case of manfunction. 
Thus, the payload size that can be accommodated is 2.25M diameter and 2.5M 
in length. 

The basic FIM structure uses a classic yoke assembly with a bottom ring to 
achieve the gimballing in azimuth and elevation and a 60° (half angle) field 
of view. This structure is attached to the pallet at six hard point locations. 

The weight of the structure was not a prime design parameter. The structural 
members are sized to achieve a stable mount capable of accommodating heavy 
payloads with small structure deflections. 

The drive system for controlling the azimuth and elevation motions is a 
torquer motor an4 a speed reducer designed by Compudrive Corp. The bearing 
for -the a-zimuth drive Is a large diameter machinery bearing (supplied by 
Rotek, Inc.) built ruggedly to withstand the large landing loads of the Shuttle. 
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Po.ltlon tndtctlon of eh. drlv. i. .chl.v.d with u.. of -n .ncod.r (. 

nultlturn pot.ntloni.c.r) , with • r..d-out accuracy of 0.1®. 


Thl. r.port 1. org.nlz.d to th. taak. conduct.d which U.d to th. Id.ntlflca tlon 
of a f.aalble, coat aff.ctlv. FIM conc.pt: 
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R.qulr«n.nta D.flnltlon 
Conc.pt D.v.lopo.nt 
Conc.pt Ev.luatlon 
Engln..rlng D.flnltlon 
FIM D.v.lopm.nt Plan 
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R^ter.nce APPENDIX D EXECUTIVE SUMMARY 


for FIM Vu-Graphs. 


2. REQUIREMENTS DEFINITION (TASK 1) 

A raqulrcmant* «n«lytla was carrlad ouC Co darlva a aaC of daslgn groundrulaa 
and conscralncs and Co IdanClfy Crada-off's in araas of conflleClng raqulrafflancs . 

Tha sysCam lavel raqulrafflania in Cha Scacamanc of Work (PCN 420-66984) aarvad 
% 

aa Cha aCarClng polnC. DaacrlpClona of aavaral .propoaad Inacrumanca, rapra- 
aenCaclva of poCanClal Spacalab axparlmanC clasaaa Co ba accooinodaCad by FIM, 
wcra uaad co furchar raflna and InCarprac Cha SOW raqulramanca . Tha InsCrumanCa 
Idanclflad by GSFC vara a Gamna Ray Spaccromacar , a Hadluoi Enargy Ganma Ray 
SpacCromacar and a Larga Araa X-Ray Talaacopa (LAMAR). 

ShuCCla/Spacalab InCarfacaa and oparaclonal raquiremanCa wara axcraccad from 
Cha Spacalab Payload AccoonodaClon Handbook (SPAN, Issua No. 1, Rav. No. 0) 
and SPAN Appandlx B, SCrucCura InCarfaca Daflnlclon. 

Some imporcanc ganaral guldallnas and conaCralnCa wara IdanCifiad and agraad 
upon during an orlanCaClon maaClng ac GSFC ac Cha baginning of Cha scudy: 

a Tha developmenC of a low cosc FIM concapC was amphaslzed as a vary ImporCanC 
objacclve of Cha sCudy. 

a In view of currenC ShuCCla charging policies for payloads Ic was recognized 
Chac Cha overall lengCh In Cha Orblcar cargo bay of Cha FIM/exparlmanC 
should ba minimized. 

• 

a A scandard Spacalab palleC should ba used for FIM mounClng Co reduce cha 
uncarCalnCy of InCarfaca engineering, fabrlcaclon, and InCegradon coses 
for an IndepandenC mounC. 

a Penecraclon of Cha Orblcar cargo bay payload envelope should be avoided 
during all fllghc phases Co ellmlnace Jecclson requlremenCs . 


2-1 


• FIM ibould b« d«slgn«d Co allow 1-g Casting without axtanalva ground support 
squlpoant. 

Tha sbova statad guldallnas wara aubsaquanCly adoptad as ovarall daslgn ground- 
rulas . 

2.1 PHYSICAL ACCOMMODATION REQUIREMENTS 

Within tha abova llstad constraints It was statad as a goal that FIM accoaanodata 
a cylindrical InatriifflanCs , 1.2 n Co 2 m dlamatar, 3 m long 
a ractangular Inatrunants, 2mx2mx3m long 

Inatrumant walghc Co ba accommodatad was statad as 
a Inatrumant walghc, 950 kg to 2000 kg. 

In addition, It was assumad that tha structural Intarfaca of 'tha Inatrumant to 
ba mounted to FIM would ba a flange on the Instrumant, on a plana perpendicular 
Co tha llne^of-slght at tha equator and near the eg of tha Instrument, the 
eg of the Instrument was assumed Co be within 0.25 m of the geometric cantar 
of Che Inatrumant. 

In addition Co accoaxnodaClng the ovarall instrxjmant envelopes listed above, 

It was also required chat a thermal cannlstar enclosing the Instrument ba 
accommodated. Typical thermal cannlaCers would add a few canClmatars Co tha 
dimensions of an Instnmiant envelope. 

During tha analysis of various potential FIM concepts It became apparent Chat 
the 3 m Instrument length raqulrem nc was difficult to accommodate within the 
overall constraints and requirements, l.e. without violating 
a Che pallaC-fflounted FIM concept 

a staying within the OrblCer cargo bay dynamic envelope 
a maintaining Che full 60° pointing range capability 
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Th« 3iii langch raquiramanC was drlvan by tha LAMAR InstrumanC. An invasclgstlon 
of eha LAMAR raqulramants (Raf. 1) and a discussion with Mr. Robart Rascha, 

LAMAR proJacC anginaar at tha SaiChscnian Astrophysical Obsarvatory rasulcad 
in tha following: 

As far as sansicivity is concamad, an assembly of 24 LA'AR talascopas is so 

t 

sensitive that adequate data from even weak X-ray aourcaa can ba cutainad if 
pointing is off-axis by as otuch as 0.5 dagraas (i.a. Orbitar pointing accuracy). 
Tha LAMAR in any configuration raquiras a star trackar/camara for after tha 
fact aspect datannination. If this aspect data is used in real time by tha 
Orbitar attitude control system, adequate pointing can ba obtained without a 
pointing system. Thus, if LAMAR was mounted to FIM it could be pointed at 
target areas with Orbitar pointing accuracy,’ simultaneous with other experi- 
ments hard mounted to a Spacalab pallet requiring different view directions. 

It was determined in a discussion with Mr. Rascha that soma flexibility exists 
in adjusting tha overall LAMAR length. Tha 2.8 m required in Ref. 1 (without 
thermal precollimator) can be reduced to 2.6 m by repackaging the support 
systems for the imaging proportional counter In the focal plane. A later 
version of LAMAR. shown in a NASA Headquarters presentation in May, 1978 shows 
a Spacelab pallet mounted LAMAR that requires even less than 2.6 m length, 
including a thermal precollimator. Baaed on this it was decided to modify the 
requirement for acconmodating a package of 2m x 3m x 3m, to accommodating a 
minimum of 24 LAMAR telescopes of at least 2.5m length. The requirement for 
cylindrical payloads was not changed. 


Ref. 1:*- Experiment Definition and Integration Studies for the Accommodation of 
an Aries X-ray Telescope Payload on Spacelab/Shuttle. Final Report for 
NASA Contract NAS 5-23685. Smithsonian Astrophysical Observatory. 
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2.2 FUNCTIONAL AC CDMMQDATIOW REQUIREMEirrS 

Th« FIM functional parfonunc* raqulramantt ara datarmlnad by tha pointing 
and aligrunant raquiraoantt of inatrumanta to ba flown on FIM. Tha aupport 
■arvicaa raquiramanta ara darivad from FIM and inatrumant raqulramanta for 
povar, tharmal control and command and data managamant. 

POINTING REQUIREMENTS 

Tha FIM pointing raquiramanta ara aa followa: 

o 

a Pointing Kanga (FOV) - anywhara in a 60 half angla cona around tha 
inatrumant cantar lina, parallal to tha Orbitar Z (yaw) axia. 
a Pointing Accuracy - 1** ra..r'.lva to tha baaa of FIM (i.a., tha pallat). 
a Encoder Readout • 0.1° 

a Pointing Stability - not applicable ainca FIM ia not an active pointing 
ayaram. The pointing atability offered to FIM mounted inatrumanta ia 
the Orbitar pointing atability (aaa SPAH, Section 2.4). 
a Offaet Slewing Capability - maximum alaw rata of 120** in one minute (goal); 

minimum alewing rate ia 40° in one minute, 
a Frequency of offaet pointing maneuver. - aa often aa every tan minutaa. 

With raapact to pointing accuracy, tha following naada to ba undaratood: 

1. Tha Orbitar can point any vector defined in tha Orbitar Navigation 

Baaa (thia ia a atructural reference in tha Orbitar noaa section) 
o 

to within ^.5 , including earth targets. 

2. The alignment of pallets in the Orbiter cargo bay with raspact to tha 
Navigation Base can be off by as much as 2° to 5°, and can change 
on-oAit as a function of tha thermal environment which can causa 
Orbiter torsions. 
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3. Tharafor*, In ordar to hava accurata aapact Infomiaclon and to maka 
full uaa of Orblcar pointing capabllitlaa , tha payload ouat prpvlda 
an aapact aanaor ayatam. Thla aanaor ayatam can Intarfaca with tha 
Orbltar Guldanca, Navigation and Control Syatam if payload aapact 
information ia to ba uaad to point tha Orbltar. No intarfaca with 
tha Orbltar ia nacaaaary if only aftar tha fact aapact information ia 
raquirad. 






FOR SPACELAB ELECTRICAL SERVICES 


For tha oparatlon of payloada and payload aupport ayatama lika FIM, rha 
Spacalab offara alactrical powar and comaiand and data managamant aarvicaa on 
tha pallat at atandard intarfaca locationa. 


ELECTRICAL POWER 

FDi ahall uaa Spacalab provldad alactrical powar. Aa a goal, powar conaumption 
ahall ba kapt to a mininiuffl (balow 100 Vi). 


COMMAND DATA MANAGEMENT 

FIM ahall uaa tha Sp*celab conanand and data handling ayatam (augmantad by its 
own microprocasaor if nacaaaary) to allow reaiota control by tha Payload 
Spacialiat or from tha ground. 


ELECTRICAL SERVICES TO FIM MOUNTED INSTRUMENTS . — - 

FIM shall provida accass to tha Spacalab EPOS and CDMS aarvicaa for FIM mountad 
inatrumants by maans of a powar and data hamaaa, running acroas tha FIM gimbals 
from tha inatrumant support ring to connactor brackats at tha FIM basa. As 
a minimum, tha following sarviaas shall ba provldad: 
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EPOS 


3 buses for prloisry DC 

200 U msx. cont., 350 U pssk ssch 


- 1 bus for sxpsrlmsnC ssssntlsl power 
100 W msx. cone. 

- 1 duel redundsnC bus for emergency power 
50 W msx. cone, esch 


CDMS - wiring for 3 sxperlmer.e RAU's 

- 6 TSP, 125 Ohm Impedsnce 

for 3 HRM chsnnels up eo 16 M3/8 

^ 2 TSP, 75 Ohm Impedsncs 
for 1 CCTV chsnnel plus sync 

• 1 TSP, 75 Ohm Impedsnce 
for 14.5 MHz snslog chsnnel 

• 10 pelrs flee conduceors shielded 

for csuelon end wemlng and oCher peylosd 
funcelons . 

THERMAL CONTROL REQUIREMENTS 

The FIM concepe shell be comps elble wieh ehermsl conerol eechnlques (sceive 
end passive) Chse allow FIM bulk eemperaeures eo be malnealned se 20^C ^20°C. 

In sddlelon, ehe FIM concepe shell allow ehse ehermsl caniseers for Inserumene 
ehermsl conerol can be acconnodseed. Oeherwlse Inservznene ehermsl conerol 
is ehe responsibilicy of ehe inserumene mouneed eo FIM. le was specifically 
agreed ehse FIM moxmeed insezumenes would noe require ense ehe psllee freon 
cooling loop be broughe across FIM gimbals. 

2.3 SHUTTLE /SPACELAB' INTERFACE REQUIRDCNTS 

Seipulaeed by ehe RFP requiremenes, and ii. order eo cover ehe compleee 
specerums of poeeneial FIM configuraeions , ewo basic ways of mouneing FIM 
ineo ehe Orbieer cargo bay were inieially considered: 


1. FIM mounced directly Into the Orblter cargo bay, using tha primary 
OrblCar accachmanc points on tha cargo bay sills and tha cargo bay kaal 
fittings. 

2. FIM mounted to a Spacalab pallet, using tha pallet nardpolnts. 

In both cases it Is possible to flv the FIM (and experiments mounted to •• 
part of a Saacelab mission or Independent of Soacalab (e.g. missions of oppor- 
tunity). This Is an Important distinction slnca Spacala>* provides a number 
of services to Its payload that the Orblter does not provide, e.g. conditioned 
power, cold plate cooling, a comnand and data management system with a 
dedicated experiment computer, a high rate data acquisition system (multi- 
plexer and recorder) , and controls and displays (CRT and keyboard) . 

Flying on non-Spacelab missions, therefore, would require that the FIM 
provide the subsystems necessary to condition the raw Orblter provided 
resources (power, cooling, Orblter avionics services) for Its own use of 
FIM mounted Inst, 'u'xents. 

Since the FIM has to be capable of accommodating large and heavy experiments, 
the FIM concept that was developed had t> take into account the way the FIM 
Instxiunents are mounted aid structurally supported, especially during the 
critical launch and* descent phases of a Shuttle flight. Again, two basic 
concepts had to be considered: 

1. The FIM and Its payload are structurally decoupled during launch snd 
descent (similar to the IPS concept), and the FIM payload Is mounted 
with a special payload clamp assembly 

a) to a Spacelab pallet, or 

b) directly Into the Orblter cargo bay 
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2. The FIM and payload are attached to each other with the FIM supporting 
all flight loada. 

INTERFACE IDENTIFICATION 

The first step in defining the FIM Shuttle/Spacelab interface requirements was 
the identification of all physical and functional interfaces for the various 
concepts Identified above. 

Table 2-1 represents the physical and functional interfaces as a function of: 
1. The FIM mounting concept: 

a) Orbiter cargo bay (Shuttle) 

b) Spacelab Pallet (Pallet) 

The mission mode: 

a) Spacelab missions 

b) Other Shuttle missions 

3. The FIM/payloed attachment concept during launch and descent: 

a) FIM/payload attached 

b) FIM/payload decoupled 

Also identified are the interfaces the FIM experiments require. Depending on 
the FIM concept and mission mode, these Interfaces are functionally directly 
between the experiments and Shuttle/Spacelab (physically they will be located 
on the FIM) or directly between the expevimei ts and FIM provided subsystems. 

It was realized early in the study that only a pallet mounted FIM would allow 
a low cost approach, and mounting FIM to a Spacelab pallet was adopted as a 
design groundrule. In addition, it was agreed that only Spacelab missions 
will be considered during this study. 
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TABLE 2-1. FIM (PA LOAD) INTERFACE MATRIX 



1) FIH and payload (l.e., FIH experloienta) InCerfacea are ahown aeparately 


2) SL oieanft Spacelab oilsaiona, Sll aeana other Shuttle nlaalona 

3) PAL neafta pallet oiounted, ORB oieana Orbiter amunted 

(X) meana pbtcntlal Interface, LX3 Interface with Shuttle/Orblter or FIH provided aubayateoi 


I 


I 


CAUTION & 
WARNING 
































































It was also dataminad Chat a FIM concapt could ba davalopad that would 
accomnodata all instrumant flight loads, tharaby eliminating the need for 
any Instrument to pallet or Orblter structural Interfaces. This leads to 
a significant reduction in the number of interfaces that had to be considered, 
as shown in Table 2-2. 

MECHANICAL INTERFACES 

The primary structural interface between the FTM and the Spacelab pallet are 
the pallet hardpoints. The pallet was designed for a nominal load carrying 
capability of about 3000 kg, uniformly distributed within certain eg constraints. 
The actual load carrying capability is very much a function of the actual 
load distribution and the hardpoint utilization pattern. 

For heavy instruments the FIM/instrument system can approach the nominal pallet 
capability. This requires eventually a FIM pallet coupled analysis which was 
above the scope of this study. In addition, a payload /pallet coupled analysis 
can currently only be carried out by ESA and their Spacelab contractor and by 
the Spacelab project office at NASA-MSFC. 

'In addition to the overall load carrying capability of the pallet, the load 
carrying capability of each hardpoint also has to be taken into account. 
Preliminary hardpoint loads introduced by FIM were estimated in Appendix A. 

In order to acconmoda te varying instrument masses at minimum FIM/instrument 
weight, a requlremerc was formulated to design a modular, flexible FIM/pallet 
interface structure that can be configured for optimum hardpoint utilization. 

Two pro b lena are of pa r t irular concern for pallet /payload Interface structures. 

1. large hardpoint location tolerances between various pallets 

2. pallet/hardpoint deflections induced by Orblter and payload loads and 
thermlly induced torsions. 
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' TAPLE 2-2 FIM (PAYLOAD) INTERFACE MATRIX 



* 

1 SHUTTLE/ORBITER 

1 1 
1 SPACELAB 1 

1 

: 

ONCEPT 

i/i 

Ui 

o 

lU 

£ 

M 

MISSION 
MODE 2) 

FIM/PAYIOAD 

MOUNTING 


ELEC. POWER 

1 

to 

u 

< 

SOFTWARE 

CAUTION & 
WARNING 

STRUCTURE 

a 

o 

3 

M 

■ 1 
u 

i 

u, 

o 

CAUTION L 
WARNING 

FIM /PAYLOAD 
DECOUPLED DURING 
LAUNCH & RE-ENTRY 

FIM 

PL 

SL 

PAL 

PAL 





(X) 

X 

.(X) 

X 

X 

i 

X 

(X) 

X 

X 

•X 

X 

X 

X 

FIM 

PL 

SL 

ORB 

PAL 

X 

• 

X 


(X) 

X 

(X) 

. 

X 

X 

X 

(X) 

(X) 

X 

X 

X 

X 

X 

X 

FIM 

PL 

SH 

ORB 

ORB 

X 

X 

X 

[Xl 

X 

[xj 

X 

DO 


X 

(X) 







FIM 

PL 

SH 

PAL 

PAL 


X 

DO 

X 

X 

X 

[X] 

X 

X 

X 

(X). 







FIM 

PL 

SH 

ORB 

PAL 

X 

X 

[X] 

X 

[X] 

X 

DO 

X 

X 

• X 
(X) 




__L . 



FIM 

PL 

SL 

PAL 


REMAINI^ 

3 INTERF 

ISCES 

(X) 

X 

(X) 

X 

[X] 

X 

X 

X 

(X) 

X 

X 

X 

X 

X 

X 

FIM/ PAYLOAD 
ATTACHED 

. 



FIM 

PL 

SL 

ORB 

X 


X 


(X) 

X 

(X) 

W 

X 

X 

(X) 

(X) 

X 

X 

X 

X 

X 

X 

”IM 

PL 

SH 

PAL 

[X] 

X 

Cx] 

X 

[xJ 

X 

[xJ 

X • 
X 

X 

(X) 


• 

• 





FIM 

PL 

SH 

ORB 

X 

[X]' 

X 

M 

X 

(X) 

X 

fxl 

X 

X 

X 

(X) 








1) FIM and payload (l.e., FIM experlnencs) Interfaces are shown separately 

2) SL meank Spacelab nlssions, SH means other Shuttle missions 

3) PAL mealhs pallet SK>untcd, ORB means Orblter mounted 

(X) means potential interface, CX3 Interface with Shuttle/Orblter or FIH provided subsystem 


ORIGINAL FACE iS 
OF POOR QUALITY 


with a llfflltad numbar of pallata avallabla In NASA's Invantory IC has to ba 
axpactad that Che FIM will fly ou various pallets. The interface structure, 
therefore, has to be designed to sccotamodace the hardpolnt location tolerances. 

Pallet deflections can be acconmodated Co some extent by Che pallet hardpolnCs. 
Analysis of pallet deflection will eventually be necessary Co datacmlne to 
what extent Che FIK Interface structure will be Impacted by these deflections, 
and how they can lie accoesnodated. 

It should be pointed out that the European IPS Is faced with very similar 
problems. An IPS/palleC analysis Is currently In process and results of this 
should be secured for further FIM analysis. 

lu sunmary It Is concluded Chat Che FIM/palleC mechanical Interface Is critical. 
The FIM Interface structure needs to be modular and flexible for optimum FIM/ 
Instximient load acconmodatlon. The detailed Interface design needs to take 
Into account significant pallet hardpolnt location tolerances and potentially . 
large pallet deflections. A FIM/palleC coupled analysis needs to be conducted 
during the next engineering phase to finalize Che Interface structure design. 

THERMAL INTERFACE 

The severe c^perature environment and temperature gradients, that any payload 
In Che Orblter cargo bay can encounter (depending on mission profile and 
Orblter attitudes) , will impact Che thermal design of Che FIM. The Spacelab 
pallet, as an example, can reach steady state temperatures of •ISO'^C In Che 
cold case (deep apace vlewlr ,) , and +120*^C In the hot case (solar viewing). 
Significant temperature changes and graldents can result as a function of 
changing Orblter attitudes. 
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On Ch« other hend, FIM mounted experiment* will require thermal control over 
a much narrower and benign temperature range. Inatrument thermal control la 
primarily achieved by the Inatrxanent Itaelf, e.g. through the uae of a thermal 
cannlater which laolatea the Inatrument from the pallet environment. 

In general It aeema reaaonable to formulate for FIM requirement* almllar to 
thcae for the IPS (See SPAH Section 4.8.5): 

FIM thermal control ahall allow contlnuoua cold caae operation, l.e., deep 
apace viewing for aatronomy/aatrophyalca type Inatrument. Thl* aeema reaaonable 
alnce the neceaaary orblter attitude* can be achieved for all 3 -angle*. 

Certain operational conatralnta ahall be allowed for full aolar Illumination 
In order to maintain acceptable FIM component temperature*, e.g. limitation* 
on operating timeline*. 

The FIM thermal control ahall be achieved primarily by paaalve meana, e.g. 
multilayer Inaulatlon and/or thermal coatlnga, and radiator* and electrical 
heaters If necessary for critical FIM components. 

Results of IPS thermal analysis and details of the IPS thermal design should 
be evaluated during the next phase of the FIM development. 

ELECTRICAL POWER IWTERFACES 

On Spacelab, conditioned dc and ac power Is available at the output of the 
electrical power distribution bo?c which la located on each Spacelab pallet. 

This power shall be used, and further conditioned If necessary, for the FIM 
Itself, and shall be routed across the FIM gimbals and made available to 
experiments as shown In Section 2.2. 
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Alao, In caa* ShutCla/Spacalab aafacy criClcal functlona ara Idantlflad, cha 
diatrlbutlon and conditioning of Spacalab amargancy and aaaantial povar haa 
to ba takan into conaidaration. 

COMMAND AND DATA MANAGEMENT INTERFACES 

Tha intcrfaca requiraoianta aatabliahad undar thia haading includa tha phyaical 
and functional intarfacaa with tha -Spacalab coomand and data managamant ayatam 
and includaa Orbiter and Spacalab caution and warning raquiramanta. Tha inatru- 
oiant comnand and data managamant intarfacaa ara of minor concam hara ainca 
all tha FIM haa to provlda ara tha intarfaca connactora and hamaaaaa to 
connect exparimenta to tha Spacalab CDMS. 

On Spacalab miaaiona, tha Spacalab CDMS ia available to handle all FIM command, 
control, monitoring and data handling raquiramanta. Tha CDMS allowa automatic 
or on-board manned control from tha Orbiter aft flight deck (or tha Spacalab 
module), and it eatabliahea through the Orbiter avionica and talamatry ayatema 
tha link to tha payload oparationa control center (POCC) for ground monitoring 
and control. 

One basic decision that had to ba made ia whether tha CDMS subsystam computer 
or experiment computer should be used for the FIM. The Spacela^ IPS uses the 
Subsystem computer which has the advantage of reserving the experiment computer 
capability for experiment operation. Tha disadvantage is that the subsystam 
and experiment computer cannot directly coomunicate with each other, which can 
add operational and software complexity. The decision was made for the FIM to 
use the Spacelab experiment computer (potentially augmented by a dedicated 
FIM mini or micro-processor) . 

The FIM shall interface with the Spacelab CI^ through an experiment RAU 
mounted to the pallet. This can be the same RAU used for experiment control 
because of the large capacity of an experiment RAU. 
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Sine* it can ba aaaunad that tha FIM will ba uaad on many pallaC-only mlaalona 
it la Inportant to alnlmlza or allmlnata tha naad for dadlcatad FIM controls 
and displays. This la tha rasult of savara limitations In tha Orbltar aft 
flight dack for payload provldad aqulpmant (voluma, panal slza, powar, cooling). 
Slnca tha FIM will Intarface with tha Spacalab CDMS avan whan using Its own 
procassor, tha Spacalab CRT and keyboard In tha AFD can ba shared with 
axparlmants for FIM control. 

OPERATIONAL REQUIREMENTS • 

Tha FIM shall ba designed for an operational life of 10 years or 50 flights with 
periodic malntananca and raplacamant/rafurblshmant of critical components, 
which shall ba Identified. 

Ground Integration and checkout !.ava to be spaaratad Into two phases: 

1. Pre-Laval IV Integration, l.a., Instrxanant to ^IM Integration 

2. FIM to Spacalab Integration (Laval IV through II). 

Baaed on recent developments It Is expected that all Spacelab/payload Integration 
(Level IV through Level I) will be carried out at KSC. The question remains 
open If pre-Level IV Integration will also be done at KSC. In any case, a 
pallet simulator will be required If pra-Lava! IV Integration as defined above 
Is required. 

If FIM/ Instrument Integration takes place after FIM/Pallet integration, a simple 
handling fixture for FIM might be sufficient for ground handling. 

An Important requirement for the FIM design Is the need to test the FIM/ Instrument 
assembly In 1-g without extensive test Tlxtures. 

The most significant flight operational requirement Is the requirement to 
control the FIM both from the on-board payload specialist and remotely from 
the ground POCC. 
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2*^ FDl DESIG N REQUTRmtNTS SIJMMABv 

Th. PIX .nd dl.c„...d In th. pr.c.dln. ..ct.on. 
•n>».rl<.d tn T.bU 2-3, .Ion, ,1th th. conplUnc. of th. ..l.ct.d Fm 
conc.pt d..crlb.d In d.t.U m s.ctlon 5 of tht. r.port. 
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Table 2-3. FIM Requirements Summary 


PARAMETER 

REQUIREMENT . 

COMMENTS 

COMPLIANCE 

INSTRUMENT ACCOMMODATION 

Cylinder: 1. 2 to 2 m dla. , 

Goal: 2m x 3m x 3m length 

Cylinder: 2.25m dla. 

Size 

3 m long 

and 24 LAMAR Modules, 

not achievable with- 
in constraints 

2. 5m long 


2. 5 m long 

• 

Complies 

Weight 

950 kg to 2000 kg 


Complies 

Structural Interface 

Center Support Flange 


Complies 

CG Offset 

0.25 m 

• 

On-orbit: Complies 
Ground: 0. 05m without 
GSE 

INSTRUMENT SERVICES 




Pointing Range 

60^ half angle cone around 
Instrument center line 


Complies 

Pointing Accuracy 

relative to FIM base 
(i. e. , Spacelab pallet) 


Complies 

Encoder Readout 

C.l° 


Complies 

Pointing Stability 

Not Applicable 

Orblter pointing stability 

Orblter pointing stability 

Slew Rate 

120^/min. maximum (Gc?l) 
40® /mill, minimum 


Complies 

Slewing Maneuvers 

Once every 10 minutes (max. ) ' 


Complies 

Electrical Power 

Harness across gimbals to 
Spacelab EPDS (paUet EPDB) 

Same capability as offered 
by IPS 

Complies 

Command and Data 

Harness across gimbals to 

Same capability as offered 

Comities 

Management 

^acelab CDMS (pallet RAU) 

by IPS 


Thermal Control 

Accommodate Thermal 
Canister 

Instnunent Responsibility 
No freon lines across 
gimbals. 

Complies 


PARAMETER 


SHUTTLE/SPACE LAB INTERFACES 


Table 2-3. FD»l Raoul rernenta S- 


REQUIREMENT 


Envelope 

Stay within Orblter cargo bay 



payload envelope at all times, 
stay on one pallet. 

t 

Structural 

Use pallet hait^ints 


Electrical Power 

Use Spacelab EPDS (pallet 
EPD^ 

Consumption < 100 W 


Command and Data 

Use ^[>acelab CDMS (pallet 


Handling 

RAU) 


Control 

On-orblt payload speciidlst 


• 

and remote from ground POC 

C 

Thermal 

Controlled to 20®C + 20°C 
bulk temp. 



OPERATIONS 
Design Life * 

Int^ratlon and Test 

- . Fli^t Operations 


Continu^^; 


COMMENTS 


To avoid emergency 
jettison requirement 


10 years or- 50 missions 

Allow 1-g testing without 
special GSE 

On-orbit and ground control, 
minimize controls and dis- 
plays in Orblter AFC 


Augment with dedicated 
processor If necessary 


Thermal Insulation, 
radiators and heaters 


With periodic malnte- 
uce with refurbishment 


Crucial for pallet-only 
misslx»s 


COMPLIANCE 


Complies 

Complies 

Complies: 70 W max. 

i 

Complies ' 

Complies 

Complies: Passive tbern^al 
control (radiators and 
heaters if necessary) 

I 

1 

Complies: periodic main- \ 
tenance and refurbishment J 

Complies 

Complies 









3. CONCEPT DEVELOPMEirr (TASK 2) 

Th« conccpC davclopmcnt C«sk uCllizad r*qulr«m«nCt dcfluiclon to g«n«r«ct a 
nuabar of candldat* concapts and to par f on tha Initial acraaning to idantify tha 
tvo or thraa moat promiaing for furthar avaluation. .'hia was accooiplishad by a 
configuration synthasis which idantifiad candidata gimballing and machanical 
approachaa, intar faca analysas which aupportad tha configuration synthasis, and tha 

f«A 0 ibillty Aiulyt«8 which tvaluatcd the conetpta as fonsulmtcd. 

* 

3.1 C0N7ICIJRATI0N SYtTTHESIS 

Savaral altarnativa concapts for mounting and pointing a larga inatrumant packaga> 
trithin tha confinaa of tha Orbitar payload bay wara ganaratad. Each concapt was 
davalopad to tha axtant naadad for comparativa avaluation with raspact to spacific 
raquiramants . 

Tha basic altarnativas aval labia for tha davalopmant of a FIN concapt ara aa 
follows: 

1. Axis Oriantation 

a. Azimuth - Elevation 

b. Roll - Pitch 

2. Shuttle Machanical Interface 

a. Space lab Pallet Mount 

b. Direct Orbitar Mount 

3. Instrximant Machanical Interface 

a. Canter Flange 

b. End Flange or Plata 

4. Deployment 

a. *Rotadon oAy 

b. Translation 

c. Extendable support 

Each potential FIM configuration can be defined by a combination of the above 
basic approaches. 
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NOTE: During Ch« IniClal phaaa of Cha acudy non-pallaC FIM eoncapCa wara aacabllahad 

• and avaluatad for conpariaon purpoaaa. Thaaa conflgurad. ona ware chan droppad and 
only pallaC-mounCad concapCa wara furchar *avaluacad, primarily bacauaa of Cha 
aignificancly highar davalcpmanC afforc and coac of FIM'a providing Chair o%ra 
aupporc acruccura for Orbicar mouncing. 


POTENTIAL FIM CONFIG UHATIOWS 

Four baaic concapCa and evo addicional darlvacivaa wara davalopad for a cocal of 
aix FIM candidaca configuraciona . Thay ara ahown in Figuraa 3-1 Co 3-6:' 


Concape #1: 
Concape #1: 
Concape #3: 
Concape #4: 
Concape #2A: 
Concape #4A: 


Azimuch - Elavacion Axaa , CG - Mounc 

Roll - PiCch Axaa, CG - MounC 

AzianiCh - Elavacion Axaa, End - Mounc 

Azimuch - Elavacion Axaa, End - Mounc, Daployabla 

Roll - PiCch Axak, CG - MounC (Excandad) 

Azimuch - Elavacion Axaa, CG - MounC, Non-Pal la C Mouncad, 
Daployabla 


A briaf diacuaaion of aach concape ia „ivan balow. 

CONCEPT #1 (A - EL) 
z 

Boch gimbal axaa can ba made Co go Chrough Cha cancar of gravicy of Cha inacrumanc 
80 chac a balancad load ia achiavad. A larga azimuch baaring ia locacad balow 
cha inacrumanc which Canda Co incraaae cha ovarall highc of Cha FIM/ inacrumanc 
aaaambly. The ax-al approach haa Cha advancige of placing cha inacrumanc c.g. ovar 
Cha azimuch baaring cancarlina, providing a rigidly syme:rical unic. Thia and 
Che c.g. mounc allow, charefora, ground ceacing wlchouc Cha aide of a "zero-g" 
aupvorc kiC. 

In addicion, Concape #1 makes good use of cha avails' la pallec volume. Ic also 
allows a relacivaly slople, symmecrical palleC/FIM inCarfaca sCrucCura for 
discribucad load incroduccion inco Che pallec. 
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FIGURE 3-3 CONCEPT 3 (END MOUNT) 





CONCEPT »2 (R oll-Pitch) 

This !• alio a c.g. mount, but pointing control is mora complax for a 'roll>pltch 
configuration. Depending on Initzument size, a ilgnlflcant overhang over the 
pallet will result for the full 60** FOV requirement. Pallet loading is non- 
symmetrical. 

CONCEPT #3 (End Mount) 

This configuration has the potential for a large FOV for possible instrioients , 
but raises the overall height of the FIM/ instrument package. This could raquire 
Jettison capability if the Orbitcr cargo bay envelope is penetrated during on-orbit 
operations. This configuration is no a c.g. mount but picks up instrimient loads 
at an Instrument end plate. 

e 

CONCEPT #4 (End Mount, Deployed) 

For larger payloads it is required to deploy the end mount. This adds significant 
complexity to the system and requires Jettison capability. Again, this is not 
a c.g. mount. 

CONCEPT 2A (Roll -Pitch. 

This configuration is the same as Concept #2, except that it is configured for a 
large Instrument. The result is even larger pallet overhang, the length require- 
ment in the Orblter cargo bay would be equivalent to almost 2 pallet lengths. 

CONCEPT 4A (Azimuth - Elevation Axes, CG Mount, Non-Pallet) 

This concept uses its own support structure to tie directly into the Orbitcr cargo 
bay trunnion and keel fittings. It is Intended for large payloads and requires 
deplo yme nt 'beyond the c a r go bay t r unn ion and keel fittings. It is intended for 
large payloads and requires deployment beyond the cargo bay envelope for full FOV. 
The length required in the cargo bay is almost 2 pallet length. Provisions have 
to be made for accommodation of Spacelab subsystem equipment (c.g. RAU's, EPDB) 
normally located on the pallet. 
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It should be noted, however, thet e suoport structure located on the pallet other 
than the spacelab pallet might be an attractive alternative again if the availability 
of pallets is severely constraint. 


I 


I 




\ 


3.2 ACCOMMODATION OF LARGE INSTRUMENTS 

Large instruments with maximum dimensions of 2m x 2m x 3m length, and 2m diameter 
and 3m length present a definite problem as illustrated in Figure 3-7. Shown 
is a 2m diameter, 3m long inatrusient on the pallet within the cargo bay envelope. 

This requires not only launch and landing of the instrument in a special stowed 
position, but also An In-orblt deployment mechanisms to achieve the required FOV, 
and emergency Jettison capability in case a deployed instrument cannot be 
retracted before Orbiter re-entry and landing. 

3.3 FEASIBILITY CONSIDERATIONS 

In view of the requirements and design guidelines/^roundrules discussed in Section 
2, it is clear that concepts #4 and 4A present a significant step in overall 
complexity and potential development cost compared to the non-deployable, pallet 
mounted concepts. They were, therefore, not considered any further. 

Concept 2A, because of its large pallet overhang, potentially complex pallet 
interface and requirements for complex payload retentions during launch and landings, 
was also eliminated from further consideration. 

Concepts 1, 2 and 3 were fu.cher evaluated, as described in Section 4. 
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Figure 3-7 Comparion (Instrument /Payload Bay) 
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I ■ 4. CONCEPT EVALUATION (TASK 3) 

^ Th« pr*farr*d concept was •elected by evaluating Concept #1, 2 and 3 agalnet 

evaluation criteria which were derived from the requlremect s Identified In | 

1 Section 2. | 

' I 

I 

^ I The following were determined as tha most Important evaluation criteria (not 

I In order or priority) 

‘ ^ 1. Accomoiodaclon of payload sizes as Identified In Section 2, l.e. 24 LAMAR 

^ I modules and cylindrical payloads of 2m diameter and 3m length. 

^ I 

2. Minimum required length In the Orblter cargo bay, l.e. maximum utilization 

^ of the Spacelab pallet volume and moimtlng area. 

( 3. Staying within the Orblter cargo bay payload envelope during all on-orblt .J 

operational phases to avoid emergency Jettlsson requirements. 

1 4. Full 60° field of view. ! 

5. Provide Instrument Interface to an Instrument central support ring. 

6. Ground testing without extensive need for GSE. 

7. Simple and standard interfaces limited to Spacelab. 


It was already pointed out In Section 3 that the 3m length requirement Is very 
difficult to meet without violating the cargo bay payload envelope, for any FIM 
configuration using the Spacelab pallet. This Is, of course, the result of the 
basic cargo bay shape and of the fact chat the Spacelab pallet Itself occupies a 
significant amount of the useable cargo bay volume. 

It was clear, therefore, that a compromise had to be accepted as far as 
Instrument length was concerned. 


CONCEPT »3 (End Mount) 

This concept is best suited for instruments which can Interface with the FIM at 
an instrument end plate. For Instruments requiring support at an instrument ring 



(c!os« to Cht Instrumant «.g.) additional support structura would ba nacassary. 

In any caaa, a larga c.g. off-sat Is Inharant in this concapt. 

While Concept ^2 could potentially meat evaluation criteria 1,2,3, 4 and 7 as 
well as the other two concepts, it clearly dees not meet criteria 5 and 6. . 

Since ease of Integration, ground testing and minimum requiremait s for GSE are 
essential for a low cost system. Concept #3 was not considered for a more detailed 
engineering definition. 

CONCEPT in (Roll-Pitch) 

This concept provides a c.g. mount and supports the instrument at f central support 
ring. 

In order to provld'e the required FOV for an instrument of about 2 m die. and the 
max. possible length within the cargo bay payload envelope, a significant pallet 
overhang in the order of 1.5 m would be required. Depending on the particular 
Spacelab configuration, this would either result in a significant infringement of 
the payload envelope on a neighboring pallet (e.g. in a 2 or 3 pallet train), or 
in the requirement to locate a neighboring pallet sufficiently separated to avoid 
the interference. 

Obviously, this is not an efficient utilization of the Orbiter cargo bay space. 

Another disadvantage of the roll-pitch concept is the highly unsynmetric load 
introduction into the roll-bearing in 1-g conditions during ground testing. 

Since .Concept (A2 doesn't offer any clear advantages over Concept #1, the 
azimuth -elevation mount, in any of the other evaluation criteria it was also not 
considered for a subsequent engineering definition. 
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COWCZPT #1 (Azimuth - Eltvatlon) 


Htaaurad agalnac cha avaluaclon crltaria aatabllihad abova, cha azlmuch-alavaclon 

driva concapt oaacs all crltaria and vaa aatabllahad aa cha claarly prafarrad 

concapC. It waa aubaaquancly daflnad In nora dacall In Taak 4, Enginaarlng 

Daflnltlon, which la daacrlbad In cha following aacclon. 

In dacall, cha avaluaclon crlcarla ara mac aa followa: 

1. Inacruoanc Siza - Tha FIM daacrlbad In Cha following aacclon (aaa Fig. S-1 
CO S-6) can accomnodaca cylindrical payloada of up co 2. 23 m dla. (Incl. a 
charmal cannlaCar) and 2.5 m langch. In cha cancral pare of Chla cylinder (abouc 
1.6 m dla.) cha InacruiaanC langch can ba axcandad co abouC 2.8 m. Thla 
anvalopa la sufflclanC co accomnodaca 24 LAM4JI modulaa, and aaally accoomodacaa 
Cha ochar Cwo gamna«ray Inacruaanca Idanclflad for Chla aCudy. 

2. Minimum Cargo Bay LangCh, - Tha FIM/Inacrumanc aaaambly, for Che full 60° FOV, 
doaa noc excand oucalda of cha palleC payload envelope. 

3. Orblcer Cargo Bay Payload Envelope - The FIM/lnaCrumenc aasembly acaya wlcbln 
Chla envelope during all operaclontl phaaea. 

Larger payloada which would peneCrace Chla envelope require chac Che FIM/ 
InsCrumanC aaaembly can be Jacclaaoned. 

4. 60° FOV - The full 60° FOV aa defined In SecClon 3 la achieved. 

5. Inacrumanc InCerface - The selecced FIM concepC provldea a aupporc ring 
which InCerfacea wlch an inacrtmianc cencral aupporc flange aa required, 


Twar the 




^ , 1 

i 

I 

6. Ground TtsClng - Is posslbls vlthouC sxtsnslvs nssd for supporting GSE bscsuss 
of th* complscsly syonatrlcal configuration and loading of tha larga azlnuth 
baarlng. 

7. STS Intar facas - Tha prafarrad FIM concept usas the pallet hardpolnts, l.e., 
tha standard pallet structure Interface, for pallet mounting. No direct 

I tle-lns to the Orblter are required. In case a detailed load analysis shows 

that a latching mechanism Is necessary to support the FIM Instruaent launch/ 

I 

^ landing loads, this latching machanlsm can alther be part of the FIM support 

^ structure or might at most use some additional pallet hardpolnts (sea Section 

i 5). 

. 4 



5. ENGINEERING DEFINITION (TASK 4) 
3.1 INTRODUCTION 


* Having talaccad tha prafarrad configuration of a syimiatrical alavation/asimuch 
gimbal arrangaaant, tha machanisacion of tha concapt %raa than furthar invasti- 
gatad. Spacific alactrooMchaniciI coaponants vara aalactad on a praliainary 
baaia and parfornanca pradictiona aatabliahad in raapact to tha raquiraraanta 
apacifiad in Saction 2. Thia aaction daacribaa thaaa cooiponauta vith aoeia 
rationala for thair aalaction. 

5.2 PRELIMINARY SYSTEM DESIGN 

Tha ayatam daaign ia priaurily baaad upon tha baaic daaign raquiramanta 
diacuaaad in Saction 2, and aumnarizad in Tabla 2-3. 

Sinca vaight waa not conaidarad critical tha ayatam ia daaignad to ba rugged, 
capable of withatanding launch and landing loada without damage to tha aquip- 
mant. Tha atructural analyaia of tha Flexible Inatrumant Mount ia aho%m in 
Appendix A . 

Tha ayatam conaiata of a atructural aubayatem to aupport tha experiment with 
a atandardized attachment for tha axparimant, an alactromachanical drive 
aubayatem, and an electronic controller for inatrunant offaet pointing. 

MECHANICAL DESIGN 

The primary objactivaa of tha daaign ware to (a) aatabliah the maximum payload 
aize that can be accoomodatad, with tha selected FIM concapt approach, (b) develop 
a feaaibla concapt for aupporting tha attucture inclduing intarfacea and 
(c) suggeat furthar atudy areaa for more definitive level to aaaaaa tha concapt 
credibility. 
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PAYLOAD SIZE 


DeCarml nation of cha payload alza vaa dona. In cha following stapa: 

1. Outllna tha ahuttla payload anvalopa ualng a atandard pallat. 

2. Examine If tha payload mentioned In cha RFP (2M x 2M x 3M) can be 
accommodated with a complete 60° cone rotation and remaining wlthlp 
tha ahuttla anvalopa. 

3. If tha above falla, conatruct a payload alza which will fit. 

4. Develop a aupport atructure concept for tha payload with tha 
required drive machanlama Included. 

5. Examine the feaalblllty of uha concept. 

The concept finally evolved la ahown In the Appilcon drawlnga. CFlg. 5-1 to . 
5-6) The payload alza of 2.25 M diameter and 2.5 M length can accommodate 
24 modulea of the LAMAR experiment and alao tha other two Gamma Ray exparlmenta 
without exceeding tha cargo bay dynamic anvalopa. 

THE FIM STRUCTURE 

Tha FIM Structure conalata of: (See Figure 5-1) 

1) Payload Interface ring 

2) Yoke - side arms 

3) Bottom Ring atiucture - bearing Interface 

4) Bearing houal.ig 

5) Pallet Interface 

6) Caging device 

The pallet Interface ring la a circular ring with a rectangular hollow section. 
Thin ring with a rectangular "hdriow section. A thin ring provides tha pa/load 
attachment points along Its circumference. It may also provide hardpolrts 
for the caging device pick up during the launch and landing modes (See Figure 
5-5). This ring has two rigidly attached steel shafts at diametrically 
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FIGURE 5-1 FIM STRUCTURE 





FIGURE 5-2 
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FIGURE 5-3 









oppotlCt locaclont, vhlch art (tha ahafta) aupportad by baarlnga mountad on 
tha Yoka araa. 

THE YOKE ARMS 

Tha Yoka araa form tha main body of tha FIM atructura. A a ahown In tha 
drawlnga aach mambar aupporta tha payload ring at ona and and tha othar Intar- 
facaa. vlth tha bottom ring atructura aupportad on tha aziomth baarlng. Tha 
croaa aactlon of any am la hollow ractangular of varying outar dlmanalona, 
narrovar at tha payload ring connactlon and wldar at tha bottom ring connactlon. 

Prallmlnary atructura 1 analyala (Saa Appandlx A) of tha Yoka and tha payload 
ring Indicated tha nacaaalty of additional load support for atructural 
atlffnasa, during tha launch and landing modaa. However no algnlficant strasa 
problem was encountered, 

Tha additional atructural support can be provided through tha caging device 
dlscuaaad In tha following pages. 

BOTTOM RING STRUCTURE 

Tha bottom ring structure foms tha seat of tha whole payload. It Is also 
In tha fora of a ring mountad on to tha azimuth baarlng. This baarlng Inter* 
face needs further study. 

FIM-PALLET INTERFACE CONCEPT 

A prallmlnary FIM-PALLET Interface concept Is shown In Figure 5-7. Tha primary 
mounting link conslats of a rigid metal frame made of coimnerclally available 
steel or alunlnum profiles. 

The FIM azimuth bearing Is rigidly mounted onto this frame, through Its 
bearing housing. This assembly of tha bearing and frame Is than Interfaced 
with tha pallet load bearing hardpolnts. 
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Th« batclln* concept would be to uee the elx keel end inner longeron herd* 
polnte on pellet freme 2 end 3 (See Figure 9*8). If peyloede exceeding the 
cepeblllty of these six herdpolnts heve to be ecconnodeted, eddltlonel floor 
herdpolnts on freme 1 end 4 cen be used by moduler extensions of the Inter* 
fece freme. 

If flnel snelysle shows thet floor herdpolnts ere not tufflclent, then the use 
of outer longeron or sill herdpolnts hes to be considered. A prellmlnery 
herdpolnt loed celculatlon Is Included In Appendix A. 

It might be possible egeln to use e moduler extension of the beslc Interfece 
freme to go to these herdpolnts. This, however, should be treded*off egelnst 
e concept thet employs the foreseen ceglng mechanism to transfer loads 
preferably Into the sill herdpolnts which ere most effective for load transfer 
Into the Orblter attach fittings. 

The problem with determining how many herdpolnts are needed to transfer 
payload loads Into the pellet * e.g. for the maximum FIM configuration * Is 
the lack of adequate pallet load carrying capability data In SFAH. 

The values given In SPAH refer only to the ultimate load capability of the 
primary pallet structure at each particular hardpolnt location. In other words, 
the load that any given hardpolnt sees In an acutal case Is the load Intro* 
duced Into that hardpolnt by the payload, plus loads distributed by the 
pallet structure Into that hardpolnt * due to loading of other hardpolnts on 
the pallet. What this means, for cases when the payload mass approaches the 
"nominal" pallet load carrying capability. Is that a coupled pallet/payload 
structure analysis has to be carried out. This requires, of course, the 
availability of at least a simple finite element model of the Spacelab pallet 
which was not available. 
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B«a«d on ch« ulcimac* load carrying capablllclaa of aach hardpoint ai scacad 
in SPAH, and on pallac/payload couplad analysla for a vary haavy payload 
carrlad out by ERNO/RSD soma Clma ago, wa ara confidant that our propoaad 
•Impla Interface structure with modular extension capabllltlas will be capable 
of transferring FIM/payload shown In Appendix A loads Into the pallet. 

To accoamodata the deflections of the pallet during thermal and machanlcal 
■ rvlronments, tha hardpoint ball shank provides for an articulation within 
a 14 degree cone of arc. Howe.er, further study Is required to determine 
more closely the actual relative deflection problems, Its Implications and to 
oDtlffllza the hardpoint Integration capability. 

CAGING DEVICE 

As mentioned earlier caging davlces arc required during the launch and landing 
modes. These devices have mainly two purposes: 1) Increase the stiffness 

of the primary structure, and 2) provlda load paths to additional hardpolnts.. 


REQUIRED FURTHER STUDY 

1. Caging Device 

2. Pallet Interface 

3. Azimuth Bearing Housing on support 

4. Bottom ring structure Interface, l.e., transfer of load from tha yoke 
ams to the azimuth bearing. 

5.3 PRELIMINARY FIM COMPONENT SELECTION 

The components of the system tiavc been selected to meet the system requirements 
with simplicity and low cost In mind. Some of the component characteristics 
are sumnarlzed In Table 5>1. 
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TABLE S-1 


PRELIMINARY 

DEFINITION OF COMPONENTS 


DRIVE UNIT 


Type 

DC Torquer with “Orbi drive" Reducer 

Size 

5" dia. X 6" long 

Weight 

10 lbs. 

Torque 

Operating 

158 ft. lbs. Capacity 9 120*/m1n 

Stall 

240 ft. lbs. 

Gear Ratio 

1400:1 (Direct Drive) 
135:1 (Pinion Drive) 

Motor 

Inalnd T-2967 (or equiv.) 

BEARINGS 

Azimuth 

Rotek Model L9-42N1Z (or equiv.) 

0. D. 47.20" 

1. D. 36.20" 

IVT. 435 lbs. 

Thrust Cap. 248,000 lbs. 

• Pitch 

Fafnir 5214 (or equivalent 


0. D. 4.92" 

1. D. 2.75" 

WT. 4.62 lbs. 

Radial Cap. 21,400 lbs. 

POTENTIOMETER 

Hell pot Multi turn - D 
0.0. 3.00" 


IfT T7 oz.THnearity .TI2W 


B«aringi - Th« global baarlngs ara an loportanc factor In cha oachanlxatlon 
task. If tha axlmuth bearing la alzad to vlthstand a worst caaa loading of 
Sg by Itaalf without damage a very large bearing la required. The equivalent 
thrust load rating required la derived froo.the equation; 


1 . - F_ + 4.37 
D 

J! + 3.44 F^ 

where F_ 

T 

• actual thrust load 

M 

" momant load 

F 

• Radial load 

r 


D 

- Raceway Dla 

Feq 

■ equivalent thrust load 


(See Appendix B for ROTEK Bearing Calculation b'aterlal) 

Assuming a load of 4400 lbs. (cee load geometry shown belos) with an accelar- 

o 

atlon of 5g acting at an angle of 4S we have 

Ft - Fr - 4400 X 5 X .707 - 15,500 

If load 6.6 offset la 6.23 ft. 

M - 15,500 X 6.23 - 96,900 ft. lbs. 

Feq.- 15.500 + 4.37 x 96.V00 3.44 x 15.500 

3.5 

Feq." 190,028 lbs. 

This load Is In excess of rated load even on a 4.75 ft. diameter Rotek bearing. 
However, a reasonable compromise Is to size the bearing for normal loads of 
5g. This results In a landing load of approximately 86,167 kg (190,000 lbs.) 
of equivalent thrust. A Rotek bearing L9-42 (3.5* raceway dla.) has a thrust 
T s r tl i Hg rrf 248,000 IVs. pr oviding e eafa^y factor of 1.3. This analysis 
assumes that the bearing Is taking full load. Retention devices can normally 
be designed to absorb some load thus Increasing the margin of safety. 
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Thttrefora Ch« Rotek L9-42 bearing appears to be a satisfactory prellailnary 
choice for the azimuth axis and would be compatible with the maximum weight 
experiment. It Is possible that this bearing would be damaged by 9g crash 
loads and would need to be replaced. This bearing Is Illustrated In Figure 5*9. 

The bearing on the elevation (pltcl\) axis will not experience any overturning 
moment and need only to have a radial capacity of 20,000 lbs. The Fafnlr 
bearing part no. 5214 as described In Table 6.2 would be a good candidate for 
this function. 

DRIVE UNIT 

A drive unit Incorporating a torquer motor and a form of an harmonic speed 
reducer has been tentatively selected for a drive unit for both the azimuth 
and elevation axes. This device Is shown conceptually In Figure 5-10 the 
Orbldrlve reducer manufactured by compudrlve corp., North Billerica, Mass, 
employs eccentric to generate harmonic motion. However, the rotary motion Is 
derived from rugged sprocket cam and rolled technique as contrasted tn the 
meshing of fict' teeth found In other drives. High torques are reached by 
Increasing cam size and high reduction ratios arc obtained by a I'.ompact 
multistage construction. The op^raLlng principle of this drive Is described 
In Figure 5-11. The drive Is tentatively selected for FIM applications be- 
cause of Its high torque capability and relative slmnllclty. A short develop- 
ment may be required to fully adapt this device to aerospace usage but low 
un-it cost Is the ultimate benefit thereafter. GE has received a layout and 
budgetary quotations from Compudrlve on this drive unit for FIM. 

The torquer motor was chosen because of Its high torque and high slew speed 
capability. Stepper motors were considered for the drive but do not have 
adequate output torque at the 120° /min slew rate requirement particularly at 
ground test conditions. Directly connected torquers would provide a simple 
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FIGURE 5-10 DRIVE UNIT 
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A diamtlk m« law cm*, higk iff lriwi y 
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She«M btlow: ««*niul comfOMMi af Cht 
(Mxdnta iranaiaHaa. b«anii(l aa k liad far 
WfUrtty. 


TRANSMISSION »>. 



OPERATING PRiNGPLE 


Operation of the Orbidrive transmission is 
based upon the rotational relationship of two inter- 
locked multi-lobed cam and roller sets, each hav- 
ing a different number of lobes and rollers. They 
3re so linked that one cam /roller set drives the 
other at a differential velocity proportional to the 
number of cam lobes and roller contacts in each set. 

The two cams (see diagram) are fastened to- 
gether concentrically and mounted on the eccentric 
shaft. Input torque applied to the eccentric shaft 
causes cam number 1 to orbit within disc number 
1 which is rigidly affixed to the housing. Each 
revolution of the eccentric advances cam number 
1, one cam lobe position on disc number 1. Since 
cam number 2 is fastened to cam number 1, it too 
is advanced the same number of rotational degrees. 
With continued rotation, lobes of cam number 2 
orbit against rollers of disc number 2, imparting a 
rotation to the disc which is proportional to the 
ratio of rollers in disc number 1 to disc number 2. 
This can be calculated from the formula: 


< 



Mmm m uxa. 


(N,-l)Nr 

in ¥fhkh k {he number of rollers in one cam f 
disc set and N, is the number of rollers in the other 
cam /disc set. Ra^imraa T.M. •< C lwwia M ** Car*. 



FIGURE 5-11 ORBIDRIVE TRANSMISSION (OPERATING PRINCIPLE) 
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approach but tha size and weight required Co handle the azimuth load of 
approximately 480 In Iba. at Ig, (l.e., 60 Iba. for motor above with peak 
power of 800 wacta) la obvloualy prohibitive. 

The gear ratio of 1400: 1 for Che azimuth axla wap aelected by optimization 

of output torque at alew rate of 120°/mln. The output torque of the drive 
vevaua motor apeed end total gear ratio la plotted In Figure 5-12 ahown by Che 
dotted curve. Note Chat Chla curve peaka at an effective gear ratio of 1400: 

1 providing a torque of 160 ft. Iba. a good margin over even a wide range of 
load torquer from the azimuth bearing at ground teat condlClona. 

POSITION FEEDBACK 

o 

An encoder readout of 0.1 la required for poalclon control of Che InaCrument. 

If an analog aenaor la uaed, a multlCum pot auch aa the HellpoC Mulcltum D 

aerlea unit would be required having a preclalon linearity of 0.0257. alnce 

0.1° la .0277. of 360°. The pot would have to be gear driven with step-up 

gear ratio. Since gearing will add additional errors, a digital encoder should 

12 

be considered aa an alternate. For Instance an Itek Dlglaec, size 35 with 2 
resolutions (5.3 min. of arc) la a possible ciiolce. This unit Is 3.5" In 
diameter and Is available In a solid shaft or hollow shaft configuration. It 
Is recommended chat final choice of Che position sensing device be Integrated 
with the servo contract design. 

5.4 FIM CHARACTERISTICS 
WEIGHT 

Based on the selected FIM structural concept, siting of the structured 
camponenrts (See Appendix A) ; and selection of Che main FIM components 
total system weight was estimated as shown In Table 5-2. 
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POWER 


The FIM electrical power requirementa are estimated to be: 

Maximum (3 Motor Stall " 70 Watts 

Holding Power In Orbit • 3 Watts 

Slew Power - 35 Watts 

EXPERIMENT CG OFFSET 

The drive torque characteristics of the drive system operating In a Ig field 
largely determine the allowable amount of offset of the center of gravity of 
the Instrument. The following limitations apply to the proposed concept for 
worst case conditions assuming that Zero->G simulations arc not to be used: 
o Offset critical only for Ground Operations 

o Relatively Large Offsets are allowable In orbit, but will require secure 
caging for launch and landing 

o C.G. offset of 2.0" Max. allowed for Ground Test without Zero-G aids. 

(l.e.. Static balance within 4,000 In. lb. for 2,0C0 lb. experiment. 

If larger offsets are present In heavy experiments GSE support equipment would 
be required for ground test. 



TABLE 5-2 

FIM WEIGHT ESTIMATES 

STRUCTURE 


1320 


COMPONENTS 


470 


THERMAL COVER 


30 


CAGING DEVICE 


30 


MISCELLANEOUS 


20 



TOTAL 

TIto 

(850 Kg) 

PAYLOAD (ASSUME) 

3300 

(1500 Kg) 

• 

TOTAL 

sTto 

(2350 Kg) 

MAXIMUM PALLET 

CAPACITY 

6600 

(3000 Kg) 


GROWTH 

".430 

(650 Kg) 


saavo AMALYSTS Awn nana amptr 

B«t«d on a vary concapCual control syatMn design and preliminary servo 
analysis, as discussed in Appendix C, the following in-orbit error budget 
was established (tentative). 


ERROR BUDGET (In Orbit) 



tL 

EL 


o 

0 

Electronics (Servo) 

0.50 

.027 

Gear Backlash 

.03® 

.036° 

Potentiometer Drive 

o 

CM 

O 

o 

CM 

O 

Experiment Alignment 

o 

.10 

.10° 

SUM 

.65 

.183 

RSS 

.51 

.11 


5.5 SAFETY ASPECTS 


There are three important safety requirements that are important for FIM. 

1. Maintain structural integrity during emergency , landings of the orbiter, 
i.e., stay attached to the Spacelab pallet and do not disintegrate. 

2. Provide emergency Jettison capability in case any part of the FIM/ 
payload system can penetrate the orbiter cargo bay envelope during 
on-orbit operations. 

3. Regain FIM from moving during launch and nominal landing operations, 
i.e., allow safe landing was in case FIM cannot be commanded back into 
a landing configuration offer on-orbit operations. 


The emergency Jettison capability is not required since the FIM/payload 
envelope is restricted to stay within the orbiter cargo bay envelope at all 
rimes. In order to retain TIM Irom movement during launch and landing 
maneuvers, it appears desirable to restrain the pitch gimbal with a device 
mounted to the pallet so that it may share some of the load imposed on the 
azimuth. One concept is shown below with the retention device located on 
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th« aclffluch axis. A aids position la alao shown as an alcamata. Furthar 

k 

study Is naadad to datarmlna tha mathod of ratantlon which 'win provlda tha 
bast support :or tha axparlmant along with graatast safaty for aqulpmant and 
parsonnal . 

As dlscussad In paragraph 5.3, tha baarlng would ba capabla of withstanding 

a 

tha crash load without structural fallura; howaver, distortions would taka 
placa that would raqulra raplacamant of tha baarlng aftar a crash landing. 
Thus tha launch lock could fall and still hava tha asaambly stay In tack. 
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6. FIM DEVELOPMENT PLAN (TASK 5) 

Th« final scudy c«tk g«n«rac«« a davalopoMnt plan and aatlmataa Cha raaourcaa 
raqulrad to daalgn, fabrlcaCa, taat, and Daintaln ona protoflight modal of tha 
FIM. In addition, a auggaatad aariaa of "Phaaa B" atudiaa is idantifiad to 
provida datailad daaign data for tha hardvara (Phaaa C/D) procuramant activity. 

a 

A bottoma-up cost astioata is prasantad as a saparata submittal. 

Tha first stap is to davalop a datailad Work Braakdjvn Structura for tha FIM 
Phaaa C/D affort. This WBS is shown in Figura 6rl. Tha thraa laft-hand 
alamants (Program Managemant, Systam Englnaaring, .and Product Assurance) 
contain tasks that partain to all hardvara programs; their specific organi- 
zation can vary from program to program and is a matter of prafaranca. For 
example, "Operability” under System Engineering in this WBS refers to concerns 
such as maintainability, usability, transportability, and on-orbit performance, 
while in other WBS's it might also include reliability and safety. Tha 
important thing is to be certain that all Laval 3 elements are included for 
schedule and coat considerations. 

The central element of the WBS (Subsystem Engineering) is most specific to 
FIM and for this reason it is broken out to Level -4 for each subsystem. The 
Engineering Definition froih Task 4 provides tha technical basis for this 
breakout. 

Tha next two elements (GSE and System Test) are significant cost and ichadule 
drivers and are also broken out to Level 4. The final element (Operations 
Support) assumes that FIM integration and operations are carried out by someone 
ot'her than the TIM Bavilopar, so that the developer'' s involvement in operations 
is limited to logistics, maintenance, and sustaining engineering. These 
activities are broken out as Laval 3 elements; 

6 - 


A FTM hardwar* davalopraanC schadula la praaancad In Flgura 6-2. Thlt achadula 
allows 18 months for daslgn, manufacturing, and tast of tha FIM protoflight 
modal. Oparatlons In support of axparlmant to FIM Intagratlon raqulras 
anothar 9 months. Malntananca, rafurblshmant, and storaga In support of s 
sacond flight will ba schadulad to conform with tha flight dates; normal 
FIM malntananca and rafurblshmant Is expected to require no more than two weeks. 

Prior to Phase C/D hardware development. It Is desirable to perform a Phase B 
preliminary design. A Phase B WBS Is given Figure 6-3. It Includes all the 
Level 2 elements of the Phase C/D WBS as well as the Level 3 Subsystem 
Engineering elements. Further Level 3 /Level 4 breakouts Include design and 
p}.annlng elements based on the Phase C/D WBS. 

A "modular" Phase B activity Is presented that addresses the Phase B WBS In 
a series of related studies In order to fit Into a definition program with 
funding constraints. Those WBS elements that bear most heavily on the Phase 
C/D procurement package are planned for earlier studies. Elements that 
"^Ine tune" the design or address secondary concerns are delayed until 
latar studies. These later studies could proceed In parallel with the 
Phase C/D procurement activity so long as their results are available at the 
Phase C/D Preliminary Requirements Review. 

A candidate FIM development schedule containing modular Phase B studies Is 
shown In Figure 6-4. This schedule assumes a first FIM flight In mld-FY 1983 
and the Initiation of Phase C/D procurement activities In mld-FY 1980. 

Brlaf descriptions of each potential Phase B study are given below: 

System Capability Design looks at designing the FIM to meet specific perform- 
ance requirements. The study Includes: 
e System Requirements/Design 


Pallet Interface Design 
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• Scructur* Design and Analysis 
a Bearing Design 

e Actuator Design 
e Control Circuitry Design 
e Control Software Design 
- Dynamic Simulation 
e FTM Thermal Analysis 

• System Test and Checkout Concept 

e System Operation and Maintenance Concept 

- Operability 

e System Reliability and Safety Requirements 
e Program Management Plan 
e GSE Requirements 

System Test and Operations looks at the details of test, checkout, operations, 
and maintenance for the Phase B FIM design. This activity can proceed In 
parallel with Phase C/D procurement activities. The study Includes: 
e System Test Management Plan 

• Component Test Requirements 
e Subsystem Test R.qulrements 
a System Test Requirements 

e System Operability 

- Number of Flight Units 
e GSE Requirement.. 

• Logistics Plan 

e Maintenance Concept 

System Payload Accommodation looks at adapting the FIM design to a range of 
possible experiments. It may be undertaken Jointly with one or more uxpdr- 
ment programs or It might possibly be done entirely by the experiment 




progr.M. .hould b. .vlUbU for th. Pho.. c/0 PRR. Thu ,t.,dy 

■hould include: 

• System Requirements/Design 

- Experiment Interface Design 

• Mounting Ring Design 

e Peyloed Thermel Control 
• Thermel Cen 
e CDMS Interface Design 
e EPDS Interface Design 
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FIM STRUCTURAL ANALYSIS 
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Scfict 2000 


r-*' 

f 


S«rie« 1000 


I n 


The Econo-Trak 
model-'numbering system 

L “ Sthtt 2000 
M - S«nM 1000 

First numbsr • Approximsis dismstsr of ball, in aighihs of 
•n inch 

Sscond number • Approximate diamater of raceway, in irtchas 
N m Intarnai gear 
E “ External gear 
P “ Gaarlast 

Z > Mounung holac ..icludad 


Examples: 

Model L9>3BE1Z indicates a Series 2000 bearing with ap> 
proximalely I'x* balls, approximately 38' raceway, external 
gear, mounting holes. 

Model N<S*22Pl indicates a Series- 1000 bearing with ap- 
proximately balls and approximately 22* raceway. All 
Scries 1000 bearings are designated Pi, for they are avail- 
able only gcarivis. Mounting holes (Z) arc an optional 
extra. See pag* 21. 




For recommendations by a Rotek applica* 
tions specialist on the selection and use of 
big bearings, you are invited to call our 
headquarters (216-296-9951) and ask for 
Extcnsio.i .23. 


OOOROTEK ' 


Rotek Iitcorporatcd 
220 West Mam Street 
Reveniia, Ohio 4T266 

. . . the Big Bearing people 
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Load calculation 
for extraordinary applications 

Far applications ot combined loading which do not meet 
the limitations of the simplified selection charts on pages 
13 and 13, or for any application as desired by the de- 
signer, Econo-Trak bearings may be selected according to 
the following formula. Note that all loadings are converted 
to equivalent thrust loading by means of simple coeffi- 
cients. It is necessary to assume a race diameter (D) in 
order to complete the calculation. Results must be checked 
by recalculating with the actual race diameter of the se- 
lected bearing. Bearing race diameters and thrust capacity 
values are listed in the rating tables on pages 12-13. 


Equivalent thrust load (Am) • 
Actual thrust load (A) 

4.37 « moment load (M) 
Rareway dia (b) (in (Mt) 
•h 3 44 X radial load (R) 


sutnmaruing 
A«q • A -t- 


4.37 M 

~BT 


4- 3.44 R 


(Nota that moment load is t!ia algebraic sum of Ae •¥■ Re') 


The equivalent thrust load, as produced by this calculation, 
is defined as the thrust load which, if applied, would cause 
the same loading of tiia most heavily loaded balls as that 
which occurs under the actual conditions of loading. After 
determining the equivalent thru.t load, the bearing mav be 
selected directly from the thrust capacity column on page 
12. If bearing rotation is less than one hour per day and 
peripheral speeds of less than 100 ft per minute, bearing 
may be selected according to the brown capacitv figures. 
If higher speed or more frequent or continuous rotation is 
required, dynamic capacity will be the determining con- 
sideration. Please see discussion of dynamic capacity and 
dynamic capacity calculations on pages 9 to 11 before per- 
forming dynamic capacity calculations. Note Example 4 
on page 17. 

B-2 


Frictional torque 

Frictional torque, or the force required to rotate a fully 
loaded bearing, c.in be considerable, and must be taken into 
account when designing a power supply and gear train. 

An approximate calculation of frictional torque can be 
made using the formula suown below. The formula is based 
on classic bearing theory, not on actual test experience, 
which vanes widely vsith the application. 

It should be noted that torque values obtained from this 
equation are very rough approximations, and that actual 
torque, even among supposedly identical bearings under 
identical service conditions, may vary by as much as five 
times. In addition, rigidity and accuracy’ of the mounting 
structure greatly affect the frictional torque. Therefore, it 
is recommended that a service factor of at least 3 be em- 
ployed in determining required drive torque so that suffi- 
cient power will be available to rotate a fully loaded bearing 
under adverse conditions. 


T 

- .003 (4 4M -t- AO 4- 2.2RO) 



when 


T 

• torque (tb-ft) 


M 

• moment load (ft-ib) 


A 

- thrust load (lb) 


R 

• radial load (lb) 


0 

m raceway diameter (ft) 



Gear torque capacity 

Tangential tooth-load capacities listed on page 19 are based 
on the Lewis equation at 18,300psi root stress. For low- 
speed intermittent rotation, calculate gear torque capacity 
by multiplying maximum tangential tooth load by pitch 
radius (half of dimension PD). For continuous rotation, 
check dynamic capacity of gears by using ACMA formulas. 
Make certain in all cases that drive pinion has adequate 
tooth capacity. If pinion has twelve or more teeth and 
minimum hardness of 230 BHN, pinion tooth strength 
will equal or exceed that of bearing gear. 



original paqf. 

OF POOR QUAUTY 


Dynamic capacity calculations 

The dynamic capacities listed in the rating charts provide 
theoretical B| . life of one million revolutions, which equals 
theoteiical median life (B-..) of live million revolutions. 
Bearing life is inversely proportional to the cube of the 
applied load. In order to select bearings for life expectan- 
cies of other than one million revolutions, the applied load 
is ad|usted as follows. 

Load odiustment tactor. ( - rooSTO Od revolui.on - s 

Table Dl lists the f (cube root) values for a variety of 
desired life conditions. Note that life calculations for fewer 
than 600,000 revolutions are not considered reliable. For 
all applications requiring life of less than 600,000 revolu- 
tions, the bearing should be selected on *'.ie basis of 600,000 
revolutions. Do not exceed the intermittent capacity rating. 
Table D2 and Dd list the number of hours of operation 
which may be expected at various operating spe^s, and 
also the number of hours per year under various operating 
conditions, assuming that the bearing is continuously rotat- 
ing during the operation of the equipment. 


Tebla 01 


Oesired life (Bio) 
in revolutions 

Load-ad|ustment 
factor (f) 

600 000 

0.843t 


700.000 

0.888 


800.000 

0 928 


900.000 

0 965 


1,000.000 

1 00 


1.250.000 

1.08 


1.500 000 

1.19 


2.000.000 

1.26 


3.000.000 

1 44 


4.000.000 

1.99* 


5.000.000 

1 71* 


7.500 000 

1.96* 


10.000.000 

2 15* 


15.000.000 

2.46* 


20000.000 • 

2.71* 


29.000 TXJD 

2.92* 


30.000.000 

3.11* 


50.000.000 

3.68* 


‘Life (actors are based upon ih«oret'cai fatigue Mo of racewa/s 
and halls Bell separators israesrs) are sut|'.i.i to frictiano- 
wear snri may require periooic replacement in long-Me ar.„i • 
cabons. Accuiacy ormounmg structure, speed, and quantr ->f 
lubrication wiil influence actual spacer life 

tMimmum value for reliable life calculation. 


Table 02 


Thaoratical baanng Ida at various oparating spaads 
pasad on Bio Ufa of 1.000.000 revolutions 


Speed (RPM) 

Hours 

1 

18.700 

2 

, 8.350 

9 

3.340 

10 

1.670 

20 

8.'5 

50 

334 

100 

187 


Table 03 

Number o' hours resulting from various sarvics conditions 
(continuous rotation during working hours) 


Single-sMift 

Operation 

40 hr/wk X 50 wk/yr. - 2(XX) hr/yr. 

Three-shift 

Industrial 

Operation 

1 20 hr/wk x 90 wk/yr. - 6000 hr/yr. 

Continuous 

24-hour 

Operation 

168 hr/wk x 52 wk/yr. - 8750 hr/yr. 


Ufa calcnlation example 1 

Speed B 10 RPM — 000 revolutic ■■ par hour. 

Usage - 24 hours per day continuous (0790 hr/yr.). 

Oesired Bio Hie “ 5 years. 

Number ol bearing revolutions during desired life : 600 revolu- 
tions/hr I 8750 hr/yr. x 9 yrs. - 20.200.000 revolutio ns. 

Load adjust ment factor- ( - - 

V 26.200.000 . „ / .. . 

rmsdn- - V 

(This value could have been estimated with sufricieni accuracy 
from Table 01 .) 

Thus, before selecting a beanng from dynamic capacity ratings, 
multiply actual load by 2.97. 

Life calculation example 2 

Spaed — 2 RPU - 120 ravoluuana par baur 
Usage - 1 hr per day. 5 days per wk - 250 hr/yr. 

Oesired Bio life - 5 years 

Number of bearing revolutions dunng desired life . 1 20 revolu- 
tions/hr X 250 hr/yr. x 9 years - 150.000 revolutions. 

Note that 1 50,000 revolutions is below the 000.000 minimum lor 
accurate life calculations. Load adjustment factor should be based 
on 000.0(X) revolutions which, referring to Table 01, is 843. 
Actual beanng loads may be multiplied by 843 before selecting 
bearing from dynamic capacity rating. 
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APPENDIX C 


FLEXIBLE INSTRUMENT MOUNT SERVO SYSTEI 





OMPENSATIO 

NETWORK 


MOTOR 


REDUCER 


1400:1 


INERTIA 


PROBLEM : To specify concrol system needed to establish and maintain fIM orien- 

tation l;i 2 axes relative to the orblter within a 1° accuracy when the orblter la In 
circular orbit. 


MOTOR. LOAD INERTIA. GEAR REDUCE?. 
Inertia (as seem at load) 


1,000 

slug 

1 

' Includes load 



1 

gimbals 




and 

850 

slug 

ft^ J 

structures 


motor 


1.8 X lO"^ lb. ft sec^ • 1.8 X 10“^ slug 


ICTE: 


Because this problem la, to some extent, dominated by non-vlacous (l.e., 
constant) friction, it cannot be analyzed by standard linear techniques. 
Hence, a brief Investigation can only provide a very preliminary concept 
of a system design. 














^t(A. z) 

^T(El) 


1,000 * ].8 X 

850 + 1.8 X 


10"^ X (1400)2 

“4 2 

10 .. ( 1400) ^ 


1,353 ilug ft. 2 
1,203 slug ft. 2 


I Inertia load 

I as saan 

J St load 


Friction (At) 


30 ft. lbs. 


Friction (El) ■ 1.6 ft. lbs.- 

(as seen at load) 


Frictions at Ig 
Estiniatad to be raducad 
by factor of 50 at Og 


RCS MAX ANGULAR ACCEL. LEVELS: (FROM PAYI^D ACCOMMODATION HANDBOOK): 


- 


•• 2 

+ 0 deg/sec 

aa 

+e 

-V 

5T 

Primary 
Thrusters ~ 


42 

1.4 

1.5 

0.8 

Secondary 
Thrusters — 


0.04 

0.03 

0.02 

0.02 


ASSUME : Control need only be concerned with operation* when secondary thrusters 

are operational (and not primary thrusters) also assume worst case accal. of 
0.04 °/sec2. 


Torque needed to hold glmbal during thrusting: 
T - lot 


Azimuth : 

T - 1,353 slug ft.^ X 0.04 °/pbc^ x • 0.94 ft. lbs. 

NOTE : This compares with (non-vlscous) friction torque of 30 ft. lbs, at Ig 
conditions . 

Elevation : 

T ■ 1,203 slug ft.^ X 0.04 °/sac2 x - 0.84 ft. lbs. 

NOTE: This compares with (non-viscous) friction torque of 1.6 ft. lbs. at Ig 

conditions . 

Conclusion : for operation at Ig: 

If gimbal axes are principle inertial axes then friction torque alone is sufficient 
to hold gimbal. (Mora than enough in elevation by factor of ■'^30 in azimuth and 
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faccor of '^2 


in elevaclon) . 


Concluaton : For ateady acata oparaclon at Ig sarvo control can ba tumad off. 

NOTE : Abova concluaton la trua for tha aaaumed friction lavala. If friction 

lavala are laaa than thaae lavala it may be daairaabla to either employ 
a locking machaniam or to continue to energize tha sarvo driva. Alter- 
natively if tha orbitar haa limit cycle amplitudaa laaa than (+?) 1^ 
accuracy raquiremanta than it may ba acceptable to allow thia angular motion 
to occur at gimbala. 

Tha abova concluaton is aignificant only if there is a plan for simulating on tha 
ground tha limit cycle attitude oaclllation of tha orbitar. Since bearing 
friction at Ig fs so much greater than at Og such a simulation may not be of 
interest. 

OPERATION AT Qg 

Friction Torques at Og are estimated to be 1/50 of those at Ig or 
Azimuth: 0.6 ft. lbs. 

Elevation: 0.03 Ct. lbs. 

NOTE; Hence friction will supply 2/3 torque needed in azimuth but only a 
negligible of that needed in elevation. 

Therefore, servos must be energized in space, or alternatively, a lockinr mechanism 
will be needed. This is true, however, only when the amplitude of attitude limit 
cycle of the orbiter exceed:} 1° orientation accuracy requirement. 

If it is necessary to use servos in holding function then the required 
average angular torque is: 

I cX R . where R is ACS Duty Cycle Ratio 
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R-l(n 

R-27. 

R-U 

• 

Azimuth: 

■ 0.09 ft. lbs. 

0.018 ft. lbs. 

0.009 ft. lbs. 

Elevation: 

0.08 ft. lbs. 

0.016 ft. lbs. 

0.008 ft. lbs. 


* * 0,2 

Assumes Worst Case 9 ^ “ 0.04 /sec 


ACS duty cycles for Che orblter ere not provided (TBD) In the Psyloed Accommodation 
Handbook but can be expected to be less than IZ. Conservatively we will assume 
an average torque requirement of 0.01 ft. lbs. This is 1/52 of the raced stall torque 
of the T 2967 motor. Power required at this stall torque is 67.5 watts. Therefore, 

Co hold gimbals with the Torque motor (based on all above assumption) is: 

■ 1.3 watts 


67.5 watts 
52 


Because the finite azimuth bearing friction does exist however, this average power 
can be reduced. The estimated holding power Chen becomes: 

Azimuth Elevatio n 

0.43 watts 1.3 watts 


D.C. MOTOR RESPONSE 


Typical open loop linear response of the OC Motors plus inertial and friction load 
is given* by: 


G(s) - K 

s ix' S+1) 



1 

F 


where 1 is equivalent moment of inertia seen at load and T is equivalent 
coefficient of (viscous) friction seen at load; and where effect of back emf on 
time constant is neglected. For the present ease, however, the viscous friction 
coefficient is not given and is indicated as being dominated by constant 
(non-viscous) friction. 

*e.g., "Basic Automatic Control Theory" Murphy, Van Nostrand, NY, pg. 58. 


C-4 


ORIGINAL PAGE IS 
OF POOR QUALITY 

Ncvarthclcs* phy«lc«l considers Cloi.a suggest thee there will be some time 
constant associated with viscous friction or other energy dlsapatlve function. 
Typically, such a time constant can be e]q>ected to be smaller than 0.1 sec end greater 
than 0.01 sec. We will make an assumption of a 0.05 sec time constant. 

The forward loop gain will relate some output torque to some Input angular 
error. Thus 



where la forward loop gain. T Is torque measured at the load and la the 
angular position error also measured at the loed. For error budget purposes 
We will assume that steady state angular error should not exceed 0.5° for both 
azlxButh and elevation when operating at 0 . 

Based on previously discussed friction torques this lerdj to a minimum gain Kp 


as follows: 




Azimuth: 


0.6 

■ 1.2 ft. lbs. /degree 

Elevation: 

•^F 

. 0^ 
0.5 

■ 0.064 ft. lbs. /degree 


Furthermore It Is assumed that this response Is needed at some frequency which Is 
high enough to compensate for the limit cycle attitude acceleration disturbances. 

A preliminary Judgement Is made that this gain should exist at a frequency of 
10 radlans/sec. This should be ample to compensate sufflclautly rapldxy for the 
vehicle attitude impulse disturbances. 

The response of the azimuth and elevation Is shown In the attached attenuation 
plot. Baoed on an ss ju m pt lon of m 0.05 sec m oT ot/load rime eon g ra tr t tn 
discussed above It lo seen t'nat the predicted performance for the relatively 
low gain systems should be stable without addition of further stabilization 
loops. 
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NoC* that th« above values of torque gain represent the minimum values so as 
to reduce steady state errors to acceptable levels. Actual gain levels can be 
Increased so as to provide a faster slew response. It Is proposed that the forward 
gain In both azimuth and elevSbion be set at 1.2 ft. lbs. /degree. From the 
attenuation plots this would appear to be about the maximum acceptable value 
without incorporating compensation. 

Based on the above the angular errors due to finite closed loop gain become: 

Azimuth “ 0.5° 

Elevation - 0.027° 

Note that a gain of 1.2 ft. lbs. /degree will result in about 1/3 of peak available 

torque (with no heat sink)of 336 lbs. for angular rotations of about 100°. 

• ■ 

Any further Increase in gain may result in further need for stabilization. 

Such an increase might also result in a need for a tachometer feedback so as to 

prevent the load from exceeding a 120° /min angular rate. 

Note that for the same gains the angular errors at Ig can be expected to be 
about 50 times the errors listed above. It is proposed that forward gains be 
increased so as to provide more realistic performance at Ig. 

Tentatively an error budget as suggested: 

At Og At Ig 


Error Source 

Az 

0 

El 

Az 

El 

Due to finite gains 
In feedback loop 

0.5° 

0.027° 

5°* 

0.27* 

Gear backlash 

0.031 

0.036 

0.031 

0.036 

Backlash and 
non- linearities 
in potentiometers 

0.02 

0.02 

0.02 

0.02 


♦Assumes forward gain increased by factor 10 at Ig. 
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Concluding Nof 

m. I. . »on.U„..r ..rvo probl«, .hUh dp., pot r..<llly .dmlt of ..tl.f.ctory 
•olutlon IP ,p .«.i„.tiop boi.f .. thU. It 1. r.co-.pd.d th.t . ,«,r. 
thorough .v.lu.tlop b. ud. by «thod. .ueh .. "d..crlblpg fupotlop .p.ly.i," 
or pr«f«rrably by simulation. 
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• DEFINITION 

•• V 

• THE FLEXIBLE INSTRUMENT MOUNT (FIM) IS A 2-AXIS GIMBALLED MOUNT 
SIZED TO ACCOMMODATE LARGE SPACELAB PAYLOAD INSTRUMENTS 

• THE FIM ALLOWS OFF-SET POINTING OF INSTRUMENTS USING ORBITER 
AS A POINTING PLATFORM 

• THE FIM INCREASE SPACELAB MISSION FLEXIBILITY BY ALLOWING 

SEVERAL INSTRUMENTS TO POINT IN DIFFERENT DIRECTIONS SIMLLTANBOUSlY, 
USING THE ORBITER POINTIN'' CAPABILITIES. 


MOTE: FIM IS NOT A POINTING SYSTEM 


.1 
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FIM STODY 


• STUDY OBJECTIVES 


• DEFINE CONCEFiJ FOR A FLEXIBLE INSTRUMENTS MOUNl FOR SPACELAB 




• OENERATE A FIM DEVELOPMENT PLAN 

• GENERATE PRELIMINARY SYSTEM COST. 


t 


1 
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PIM RBQUIR04ENTS 





FIM REQUIREMENTS (OONTIW F J) 


INSTRUMENT SERVICES 

• POINTING RANGE: 

• POSITION ACCURACY; 

• POSITION READOUT: 

• SLEWING MANEUVERS: 

• SLEW RATE: 

• ELECTRICAL SERVICES ; 

• THEmAL CONTROL: 


oO° HALF ANGLE 
FIM COMPLIES 

1° RELATIVE TO 
FIM COMPLIES 

0 . 1 ° 

FIM COMPLIES 

ONCE EVERY 10 MINUTES (MAX) 

FIM OOHPLIES 

l20°/*ln max. (goal) 

AO°/«ln Bln. 

FIM COMPLIES 

EPDB^L^Svu^^ gimbals TO CONNECT INSTRWffiNT TO SPACELAB 
FIM COMPLIES 

ACOOfttoDATE THERMAL CANNISTER 
FIM COMPLIES 


CONE AROUND INSTRUMENT CENTER LINE 
FIN BASE 


FIM REQUIREMENTS (CONTlhUBD) 


• SHUTTLE/SPACELAB 

• ENVELOPE: 

• STRUCTURAL: 

• THERMAL: 

• ELECTRICAL: 

• OPERATIONS 

• CONTROL: 

• DESIGN LIFE: 

• INTEGRATION 
AND TEST: 


INTERFACES 

STAY WITHIN ORBITER CARGO BAY ENVELOPE DURING ALL ON-ORBIT 
OPERATIONAL PHASES TO AVOID REQUIREMENT FOR QIERGENCY 
JETTISON CAPABILITY 

FIM COMPLIES (INSTRUMENT LENGTH CONSTRAINT) 

USE IPACELAB PALLET HARDPOINTS OR ORBITER KEEL AND TRUNNION FITTirKJS 
FIM COMPLIES (USES PALLET HARDrOINTS) 

CONTROL Flk BULK TQ4PERATURE TO 20°C + 20°C 
FIM OOHPI'iES (PASSIVE THERMAL CONTROL) 

USE SPACELAB ELECTRICAL POWER AND COMMAND AND DATA MANAGEMENT 

SYSTEM 

FIM COMPLIfcJ 


ON-ORBIT PAYLOAD SPECIALIST AND POCC CONTROL 
FIM COMPLIES (USES SPACELAB CDMS) 

10 YEAR OR 50 MISSION 

FIM COMPLIES (WITH PERIODIC MAINTENANCE AND REFURBIStMENT) 

1-G TESTING WITHOUT SPECIAL, GSE 
FIM COMPLIES 




FIM CONCEPT IDENTIFICATION 


• BASIC FIM ALTERNATIVES 
• AXIS ORIENTATION 

A. AZIMUTH - ELEVATION 

B. ROLL - PITCH 


• SHUTTLE MECHANICAL INTERFACE 

A. SPACELAB PALLET MOUNT 

B. DIRECT ORBITER MOUNT 


• INSTRUMENT MECHANICAL INTERFACE 

A . CENTER FUVNGE 

B. END FLANGE OR PLATE 


• DEPLOYMENT 

A. ROTATION ONLY 

B. TRANSLATION 

C. EXTENDABLE SUPPORT 


FIM CONCEPT IDENTIFICATION (CONTINUED) 


SELECTED POTENTIAL FIM CONCEPTS 

• CONCEPT #1: AZIMUTH - ELEVATION AXES, CG - MOUNT 

• CONCEPT #2: ROLL - PITCH AXES, CG - MOUNT 

• CONCEPT #3: AZIMUTH - ELEVATION AXES, END - fOUNT 

• CONCEPT #4: AZIMUTH - ELEVATION AXES, END - MOUNT, DEPLOYABLE 

• CONCEPT #2A: ROLL - PITCH AXES, CG - MOUNT (EXTENDED) 

. CONCEPT #4A: JZIMWH^^ELEVATION AXES, CG - MOUNT, NON-PALLET MOUNTED. 


FIM CONCEPT #1 



SELECTED CONCEPT 



FD4 CXWCEPT #2 


• ROLL-PITCH AXES, CG -MOUNT 



PALLET OVERHANG FOR FULL 60° POV 

MORE COMPLEX POINTING CONTROL THAN AZIMUTH -ELEVATION K)UNT 






CONCEPT #3 





FIM CONCEPT #2A 


• ROLL - PITCH AXES, CG - HDUNT, ^TENDED 



large pallet OVERtMNG 

PENETRATES ORBITER CARGO BAY ENVELOPE 
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FIM CONCEPT EVALUATION 


IMPORTANT EVALUATION CRITERIA 

• USE OF SPACELAB PALLET FOR FIM MOUNTING 

ACCOM10DATION OF PAYIXIAD SIZES, l.e., 24 LAMAR MODULES AND CYLINDRICAL 
PAYLOADS OF 2 ■ DIAMETER AND 3 ■ LENGTH, 

MINIMUM REQUIRED LENGTH IN THE ORBITER CARGO BAY, l.e. MAXIMUM UTILIZATION 
OF THE SPACELAB PALLET VOLUME AND MOUNTING AREA. 

STAYING WITHIN *HE ORBITER CARGO BAY PAYLOAD ENVELOPE DURING ALL 
ON-ORBIT OPERATIONAL PHASES TO AVOID EMERGENCY JETTISON REQUIREMENTS. 

FULL 60° FIELD OF VIEW 

PROVIDE INSTiUJMENT INTERFACE AT AN INSTRUMENT CENTRAL SUPPORT RING.’ 

GROUND TESTING WITHOUT EXTENSIVE NEED FOR GSE. 

SIMPLE AND STANDARD INTERFACES LIMITED TO SPACELAB. 

I CONCEPT #1 MET MOST OF THE EVALUATION CRITERIA AND WAS 
I SELECTED FOR FURTHER ENGINEERING EVALUATION 
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FIM CHARACTERISTICS 


• UEIGIfr 

• POWER 

• PAYLOAD SIZE 

• PAYLOAD WEIGHT 

• ERROR BUDGET (IN ORBIT) 

• CG-OFFSET 

• FIM STRUCTURE FREQUENCY 

• PALLET INTERFACE 


- 850 Kg 

- 70 WATTS MAX. AT MOTOR STALL 
35 WATTS FOR SLEWING 

3 WATTS FOR POSITION HOLDING IN ORBIT 

- CYLINDER, 2.25 ■.dla. x 2.5 ■ LENGTH 
CENTRAL PART OP THE CYLINDER CAN BE LONGER 

THIS ACCOMMODATES 24 LAMAR MODULES AND THE GAWtA-RAY 
SPECTROMETERS IDENTIFIED FOR THIS STUDY 

- 2000 Kg 

m 

- AZIMUTH 0.5° 

ELEVATION 0.1° 

- 5 a ALLOWED ON GROUND WITHOUT GSE 
SIGNIFICANTLY MORE ALLOWED ON ORBIT 

- It Hx WITHOUT CAGING, HIGHER WITH CAGING 
(SPACELAB PALLET "DESIRE"; 25 Hr) 

- 6 PALLET HARDPOINTS, PRELIMINARY ANALYSIS INDICATES 
THAT HARDPOINT LOAlilMG MIGHT BE WITHIN ALLOWABLE LIMITS. 
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SELECTED PIM CONCEPT 


• FIM CONCEPT 

• AZIMUTH - ELEVATION AXES 

• CG - MLJNT 

• PALLET MOUNTED, NO PALLET OVERHANG 

• STAYS WITHIN ORBITER CARGO BAV ENVELOPE 


• PIM SYSTEM COMPONENTS 


« STRUCTURE SUBSYST04 - PAYLOAD INTERFACE RING 

YOKE ARMS 

BOITOM RING STRUCTURE 
AZIMUTH BEARING 
ELEVATION (PITCH) BEARING 
PALLET INTERFACE FRAME 
• CAGING DEVICE 


• electromechanical DRIVE SUBSYSTQ1 - TOW)UER METERS 

HARMONIC SPEED REDUCER 


4 


• ELECTRONIC CONTROL SUBSYSTEM - POSITION ENCODER 

OTHERS (TBD) 



AREAS REQUIRING FURTHER STUDY 


• FIM/PALLET INTERFACE - FIM/PALLET COUPLED LOAD ANALYSIS 

• FIM/PAYLOAD CAGING DESIO) 

• INTERFACE BETVEEN AZIMUTH BEARING AND FIM/PALLET INTERFACE STRUCTURE 

• FIM CONTROL SYSTEM DESIGN/ANALYSIS 

• FIM THERMAL CONTROL 


• » 


Mt 


FIM DEVELOPMENT PLAN 


• PHASE C/D UBS GENERATED 

• PHASE B UBS GENERATED 

• "MODULAR" PHASE B APPROACH DEVELOPED TO MATCH A FIM DEFINITION 
PROGRAM UITH EXISTING FUNDING CONSTRAINTS 

• TASKS IDENTIFIED UHICH NEED TO BE CONDUCTED IN MODULAR PHASE B 
APPROACH 

• NON-CRITICAL PHASE B ACTIVITIES POSTPONED UNTIL PHASE C/U 


FIM PHASE B SCHEDULE 


I 
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